The aim of this chapter is to: (1) morphometrically describe the Man Bac adult infracranial remains, essentially the major long bones; (2) estimate sex specific stature in the series; and (3) compare the relative level of Man Bac infracranial robusticity with other samples in the region. It is hoped this analysis will contribute to a better understanding of generalised behaviours the Man Bac community may have been engaged in.
MATERIALS AND METHODS
The long bone sample for this study derives from the 2005 and 2007 excavation seasons. Measurements, left side only or right if missing, were taken for the humerus, radius, ulna, femur, tibia, and fibula, following Martin and Saller's (1957) methodology. For incomplete long bones, estimates of maximum length were based on Wright and Vasquez's (2003) methodology.
A range of indices were derived from the measurement suite. For instance, the cross sectional index of a long bone shaft expresses the relative roundness or flatness of the diaphysis in terms of minimum diameter to maximum diameter, or of transverse diameter to sagittal diameter. Upper and lower limb proportions were evaluated by way of the brachial and crural indices. The brachial index is the length ratio of the radius to humerus, while the crural index expresses the proportion of tibial to femoral length. Calculated indices for the Man Bac series were compared to Pietrusewsky and Douglas' (2002) study of the Ban Chiang, Thailand, (4,100BP-1,900 BP) skeletal series, which includes a global infracranial comparative data set.
Due to the lack of an ancient Vietnamese-specific set of stature regression functions, stature was estimated using a range of published methods: Stevenson (1929) derived from a northern Chinese sample; Trotter and Gleser (1958) derived from Asian Americans; Mo (1983) from a southern Chinese series; Fujii (1960) from a Japanese sample; Sangvichien et al. (1985) using a Thai/Chinese sample and Sjøvold's (1990) generic functions. Among these, only Fujii and Sangvichien et al. provided sex specific equations. In order to assess the most suitable stature estimation equations for the Man Bac series, this study compared estimated statures calculated using different kinds of long bones (humerus, femur and tibia), and assessed discrepancies among the results of the different regression equations. The regression equation set, which provided the smallest discrepancy between estimated stature in the Man Bac series, based on different long bones, was regarded as the most appropriate set.
RESULTS
A summary of limb measurements and indices for individual specimens from Man Bac are given in Tables 6.1 and 6.2. The specimen MB07H1M9 has been excluded from subsequent analyses, including mean limb dimension statistics, due to its pathologically abnormal limb dimensions and morphology (see Oxenham et al. 2009 ).
The overall size of the long bones will be evaluated in terms of stature comparisons with neighbouring prehistoric samples. In terms of the indices, specific comparisons with Ban Chiang are noted. Unless otherwise stated, all reported measurements are in millimetres. The mid-shaft cross-sectional index of the humerus is greater in the males (82.1) than in the females (70.9), indicating a more rounded humeral shaft for males. The Man Bac values are a little bit greater than the Ban Chiang averages (males 78.7, females 71.7), which were categorised as possessing moderate roundness, so-called 'eurybrachia'.
The mid-shaft indices of the radius are similar for males (71.3) and females (69.6). However, the cross-sectional index of the ulna is greater in the males (91.8) than in the females (82.0), suggesting that the male shaft is flatter than the female diaphysis. These mid-shaft indices were not compared with Ban Chiang due to differences in measurement landmarks.
The mid-shaft cross-sectional index of the femur, 'pilastric index', relates to the degree of development of the linear aspera. Man Bac males (109.5) show greater values than females (102.3), indicating that males have a more robust pilastric form associated with well developed linea aspera. Although the Man Bac values show slight differences when compared to the Ban Chiang samples (males 112, females 102.9), both samples are within the range of medium levels of development globally.
The proximal femoral shaft cross-sectional index, 'platymeric index', reflects the degree of flatness in the upper portion of the femoral diaphysis. There is very little sexual dimorphism difference in the Man Bac series using this index (males 78.9, females 75.0). Man Bac averages are slightly greater than the Ban Chiang males (77.7), which are classified as having moderate flatness in global terms.
The average cross-sectional index of the tibia, which evaluates transverse flatness or sagittal thickness of the tibial shaft at the level of the nutrient foramen, is similar in both the Man Bac (males 66.7, females 67.6) and Ban Chiang (males 68.7, females 67.9) series, suggesting shafts in the moderate range (mesocnemic).
The brachial and crural indices, which evaluate arm and leg length ratios, respectively, are given in Table 6 .3. There is little sexual dimorphism in either index (brachial: males 81.6 females 78.1, crural: males 85.5, females 83.9). Difference of stature estimation based on comparisons between humeral and femoral lengths Stevenson (1929) 4. Mean stature difference (humerus -femur' 2 6 3 9 2 8
and lower legs, while the Man Bac mean is close to the Ban Chiang mean (Pietrusewsky and Douglas, 2002) . In general, Man Bac individuals are dispersed around a range of population means including: Dayak (Yokoh, 1940) , Jomon (Takigawa, 2005) and Tasmanians (Roth, 1899) . A single specimen shows a close affinity with Chinese (Olivier, 1969) and Iron Age Yayoi Japanese (Wakebe, 2002) . Australian aborigines, Hawaiians (Olivier, 1969) , Japanese (Takigawa, 2005) , Han Chinese and Weidun Neolithic southern Chinese (Wakebe, 2002) are somewhat distant from the Man Bac sample. The Man Bac series, as well as the Ban Chiang sample, are characterised as possessing proportionally longer forearms and lower limbs in comparison with modern Chinese and Japanese. The results of stature estimation, using several sets of regression equations, are given in Table 6 .3. As expected, estimated stature varied by formulae and the specific lone bone employed, with some of this variation caused by sample-specific limb ratio differences (see above). In order to assess the most suitable set of equations for Man Bac, the consistency of estimated statures were compared between the sets of regression formulae. Table 6 .3 gives the difference in stature estimation based on comparisons between humeral and femoral lengths, and that based on comparisons between femoral and tibial lengths. In terms of humeralfemoral comparisons Stevenson (1929) and Fijii's (1960) formulae show the smallest differences. Examining estimates based on femoral and tibial lengths, Sangvichien et al.'s (1985) equations provide the smallest differences, more so even than the humeral-femoral comparisons, and are deemed the most appropriate functions for estimating Man Bac stature from the tibia and femur. Accordingly, average estimated stature for the Man Bac series is 161.4cm (males) and 154.0cm (females). These values can be compared to prehistoric samples from Thailand (Domett, 2001; Pietrusewsky and Douglas, 2002 ) also based on Sangvichien et al.'s (1985) 
DISCUSSION
Man Bac cross-sectional indices, expressing relative roundness of limb diaphyses, are, for the most part, consistent with neighbouring neolithic, Bronze and Iron Age samples and indicate an intermediate position between gracility and robusticity.
The brachial and crural indices are considered useful in evaluating ancestral features with respect to body proportions. Low values, reflecting shorter forearms or lower legs, are associated with cold climate adaptation. The Man Bac series, along with Ban Chiang, is characterised by relatively long forearms and lower limbs.
Stature estimation was carried out using several different sets of regression equations, with Sangvichien et al.'s (1985) functions derived from modern Thai and Chinese cadavers determined to be the most appropriate for the Man Bac series. Male and female Man Bac stature falls within the range of neighbouring prehistoric Thai samples, falling closest to the contemporaneous Khok Phanom Di series.
While the analysis of long bone morphometrics in this chapter is preliminary, the findings and reported data will contribute to more extensive studies addressing questions of physical activity, health, nutrition conditions and genetic relationships in comparison with other populations.
SUMMARY
This chapter has examined limb bone morphometrics of the Man Bac series in comparison with neighbouring assemblages. Relative to neolithic, Bronze and Iron Age samples from Thailand, Man Bac limb bones are neither particularly robust nor gracile. The limb length proportions represented by radial-humeral and tibialfemoral indices also fall in the global intermediate range. Regarding stature estimations, Sangvichien et al.'s (1985) formulae based on the lower limbs was determined to be the most appropriate for the Man Bac assemblage, providing mean stature estimates of 161.4 cm for males and 154.0 cm for females. These values are consistent with those seen in the near contemporaneous Khok Phanom Di series from Thailand.
